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Introduction to Wind Energy
 Wind energy provided
 4.13% of US electricity 
 27.4% of Iowa’s electricity 
 To be competitive, innovations must be developed
 Many possible innovations
 More precise blade pitch control
 More efficient placement of turbines at wind farms
 Increasing wind turbine height
Figure from AWEA website
Why Taller Turbine Towers?
 Taller turbines increase energy production by…
 Accessing stronger winds
 Accessing steadier winds
 Increasing wind turbine blade length
 Each meter gained in height increases the energy yield by 0.5-1%
Tall Turbine Towers
 Today’s Standard Tower
 80 m tall
 Steel tubular tower
 Goal is to design towers of 
100m, 120 m, and even 140 m
 Issues with upscaling steel tubular 
design   
Courtesy of the Iowa State  website www.news.iastate.edu. 
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Tall Turbine Tower: Steel Tubular
 Advantages
 Cost effective at 80 m
 Durable 
 Ductile – can handle large 
deformations
 High tensile strength 
 Can be easily fabricated 
 Many production facilities in place
 Smaller foundation
 Disadvantages
 Not believed to be cost effective for 
tall towers
 Significant transportation issues
 Believed to have higher O&M costs
 Limited to a 20 year life span
Tall Turbine Tower: Concrete
 Advantages
 Easy to transported
 Precast
 Minimal field labor
 Minimal crane rental time
 Readily available 
 Many facilities in place
 Believed to be cheaper tall tower 
alternative
 Success with 135 m towers
 Long life span – 40 years+
 Disadvantages
 Heavier
 Larger foundation
 Concrete is weak in tension
Photo from Accaciona at www.accaciona.com
Tall Turbine Tower: Hybrid
 Advantage
 Combines properties/benefits
 East to transport
 Lighter than concrete 
 Smaller foundation 
 Steel is ductile and strong in 
tension
 Only steel would be replaced 
after 20 years
 Most success in tall tower market
 Max Bogl designs 145 m
 Disadvantages
 Heavier than steel
 Larger foundation 
 Utilizes two materials -
more complicated 
construction process
 May require different 
transportation and 
construction methods
 May require different 
crews
Photo from Max Bogll at max-boegl.de
Tall Turbine Towers: ISU UHCP
 Advantages
 Precast sections
 Minimal field labor and crane rental
 Easy to transport
 UHCP is stronger in tension
 Members are smaller and lighter
 Expected life span of 40+ years
 Disadvantages
 Weaker in tension than steel
 Still undergoing testing, unproven 
technology
Tall Turbine Towers: GE Spaceframe
 Advantages
 Less steel than tubular design
 Lighter design
 Easy to assemble 
 Lattice structure allows for wide 
base
 Easy to transport
 PVC-polyester fabric coating 
encloses structure
 Utilizes splined bolts
 Disadvantages
 Bolted connections may cause 
issues
 Prototype built in March 2014
 No results yet
 Unproven design
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Tall Turbine Towers: Other Designs
 Andresen Tower
 Bolted steel shell deign
 Easily transported via truck
 Had no impact on the market
 No press releases after test tower was built
 Other tower designs have also failed to 
make an impact
 VENTUR and ATS concrete towers
Photo from andresen-towers.com
Comparative Cost Analysis
 Two Cost Analyses
 Design Cost and Scaling Model
 Model produced by NREL
 Nine steel tubular turbine designs
 Different heights, power capacities, and rotor diameters
 Combination Cost Analysis
 Combination of design cost and scaling model and NREL concrete tower 
report
 Compares cost of four designs
 Steel tubular
 Precast concrete
 Hybrid
 Iowa State UHPC
Design Cost and Scaling Model
 Based on NREL report: “Wind Turbine Design Cost 
and Scaling Model”
 Cost was computed for each design to the left
 Equations developed in collaboration with industry
 Cost and weight for each component was calculated
 Total costs was calculated
 Cost per kW-hr was calculated and used to compare 
cost efficiency of designs
Height, m
Power 
Capacity, MW
Rotor 
Radius, m
80 1.5 38.5
2.5 50
100
1.5 55
2.5 45
3.6 52
120 2.5 56
3 58.5
140 3 61
5 64.5
Design Cost and Scaling Model
Design Cost and Scaling Model
 Assumptions and Limitations
 A 20 year life span was used
 A capacity factor of 36% was used
 Same assumptions as the NREL report
 50 turbine installation project with 28 month construction period
 Results were converted to 2012 fiscal year dollars using the ENR Cost 
History Index
 Operation and Maintenance, Salvage, and other capital costs were not 
considered
 Capacity factor may increase as tower height increases
Design Cost and Scaling Model
 Results
 80 m 1.5 MW tower was 
most cost efficient
 As height increased 
cost efficiency 
decreased
 Cost efficiency 
increased as power 
capacity increased
 Strong evidence that 
upscaling steel tubular 
design is not cost 
effective
Steel Tubular Turbine 2012 Dollars
Height, m 80 100
Power Capacity, 
MW 1.5 2.5 1.5 2.5 3.6
Total Costs $ 1,730,839 $ 3,048,207 $ 2,163,250 $ 3,322,274 $ 4,621,702 
Price per kW $ 1,154 $ 1,219 $ 1,442 $ 1,329 $ 1,284 
Price per kW-hr $ 0.0183 $ 0.0193 $ 0.0229 $ 0.0211 $ 0.0204 
Steel Tubular Turbine 2012 Dollars
Height, m 120 140
Power Capacity, MW 2.5 3 3 5
Total Costs $ 3,793,389 $ 4,453,757 $ 4,879,608 $ 8,026,501 
Price per kW $ 1,517 $ 1,485 $ 1,627 $ 1,605 
Price per kW-hr $ 0.0241 $ 0.0235 $ 0.0258 $ 0.0255 
Combination Cost Analysis
 Based combined cost and scaling model and concrete tower 
report by NREL
 Cost comparison of steel tubular, precast concrete, hybrid, and UHCP 
designs
 Cost and scaling model was used for all turbine blades and rotors
 Concrete tower report was used for all tower related costs
 Material, Transportation, 
 Total costs for both studies calculated and added together
 Cost per kW-hr was calculated and used to compare cost efficiency of 
designs
Combination Cost Analysis
Combination Cost Analysis
 Assumptions and Limitations
 20 year life span used for steel 
 40 year life span used for concrete
 A capacity factor of 36% was used
 Same assumptions as NREL report
 50 turbine installation project with 28 month construction period
 Results were converted to 2012 fiscal year dollars
 Operation and Maintenance, Salvage, and other capital costs were not 
considered
 All turbines have a hub height of 100 m
 Should yield the largest cost estimate
Combination Cost Analysis
 Results
 UHPC 2.5 MW was most cost efficient 
in both analysis
 Precast concrete was  slightly more 
expensive than UHPC
 Steel tubular and hybrid were less 
cost effective over 40 years
 Cost efficiency increased as power 
capacity increased
 Range of $1,443 to $1,816 per KW for 
20 year life
 UHCP has potential to be much more 
cost effective
Cost per kW 2.5 MW 100 m Towers
Comparison to Other Research
 Report by International 
Renewable Energy Agency
 “Renewable Energy 
Technologies: Cost Analysis 
Series. Wind Power.”
 Show actual average wind 
turbine prices per kW
 Large range and vary 
significantly
 Similar to results from my cost 
estimate
Comparison to Other Research
 Results from NREL’s Berkeley Lab
 Actual costs for wind turbines
 Very large range
 Higher power capacities = Lower cost per kW
 Results are on the upper end on my estimates
Future Research
 Focus on cost effectiveness of innovative designs
 UHPC
 Spaceframe
 Collect data on successful turbine tower designs
 Concrete towers in Brazil
 Max Bogl hybrid towers
 Would be very difficult because of secrecy of industry
 However, would be very beneficial
